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Glycoproteins gE and gG of bovine herpesvirus 1 (BHV-1) are involved in viral cell-to-cell transmission. We have compared
the subcellular localizations of gE and gG and examined the cell-to-cell adherence of bovine kidney (MDBK) cells infected
with BHV-1 mutants lacking gE or gG. In BHV-1-infected MDBK cells, gE was observed at cell junctions but did not localize
at apical or basal plasma membranes. BHV-1 gG was primarily found in the cytoplasm and was also observed at boundaries
among infected cells. During the infection with wild-type or gE-negative BHV-1, the filamentous actin and the adherent
junctional proteins accumulated at the cell junctions. In contrast, cell junctions of MDBK cells infected with gG-negative
BHV-1 were loosened, and the junctional proteins and BHV-1 gE were distributed in the cytoplasm. These data indicate that
BHV-1 gG facilitates viral cell-to-cell spread by maintaining the cell-to-cell junctions among the infected cells. © 2002 ElsevierINTRODUCTION
The first step in initiating alphaherpesvirus infection is
the attachment of free virion to the cell surface and the
entry of nucleocapsid into the cytoplasm (Spear, 1993;
Mettenleiter, 1994a). Following primary infection, virus is
transmitted by direct cell-to-cell spread from primary
infected cells to adjacent cells. In the infection in vivo,
virus transfer across the cell-to-cell junction is thought to
be advantageous over infection by cell-free virus be-
cause of the protection from host immune responses. For
herpes simplex virus type 1 (HSV-1), the essential glyco-
proteins gB, gD, gH, and gL are required for both initial
infection and cell-to-cell spread (Cai et al., 1988; Ligas
and Johnson, 1988; Forrester et al., 1992; Roop et al.,
1993). In the process of viral cell-to-cell spread, the
nonessential glycoproteins gE and gI, which form a func-
tional complex (Johnson and Feenstra, 1987), also play a
prominent role (Balan et al., 1994; Dingwell et al., 1994).
The deletion of homologous gE and/or gI leads to im-
paired efficiency of cell-to-cell spread for other alphaher-
pesviruses (Mettenleiter et al., 1987; Zsak et al., 1992;
Rebordosa et al., 1996; Mallory et al., 1997; Matsumura et
al., 1998; Nishikawa et al., 1998; Damiani et al., 2000).
Bovine herpesvirus 1 (BHV-1), which is a member of
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All rights reserved.the alphaherpesviruses, encodes at least 10 glycopro-
teins that share homology with those of HSV-1 (reviewed
by Schwyzer and Ackermann, 1996), and all of these
glycoproteins have been identified at the protein level
(reviewed in Tikoo et al., 1995; Keil et al., 1996; Khadr et
al., 1996; Khattar et al., 1996; Van Drunen Littel-van den
Hurk et al., 1996; Whitbeck et al., 1996; Wu et al., 1998). Of
these, BHV-1 gE was shown to be required for efficient
transmission of BHV-1 by direct cell-to-cell spread (Re-
bordosa et al., 1996). Previously, we demonstrated that
BHV-1 gG is required for cell-to-cell spread of virions in
epithelial bovine kidney (MDBK) cells (Nakamichi et al.,
2000). The gG-negative BHV-1 mutant could attach and
penetrate into the cells normally, but the knockout of gG
impaired the plaque size and multistep growth of BHV-1
under semisolid medium. Although BHV-1 gE and gG
seem to be similar with regard to being facilitators of
viral spread, it is not clear how these glycoproteins
facilitate virus transmission across cell junctions from
the infected cells to the adjoining cells.
In epithelial cells, cell-to-cell junctions are established
by various types of intercellular junctional complexes
such as tight junctions, adherens junctions (AJ), and
desmosomes (reviewed by Geiger et al., 1985; Gumbiner,
1987; Schwarz et al., 1990). Of these, the AJ complex is
connected to the actin cytoskeleton and plays a principal
role in cell-to-cell adhesion. AJ is mediated by the ho-
mophilic bindings of cadherins at cell junctions (Rodri-
guez-Boulan and Nelson, 1989), and the cytoplasmicScience (USA)
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0042-6822/02 $35.00domain of cadherin is connected to catenins, which
anchor the AJ complex to filamentous actin (F-actin) (Yapon22
et al., 1997). Previously, it was reported that the HSV-1
gE/gI complex accumulates at cell junctions, colocaliz-
ing with the AJ component, -catenin (Dingwell and John-
son, 1998). For human cytomegalovirus, a member of the
betaherpesviruses, a glycoprotein, US9, is known to fa-
cilitate viral cell-to-cell spread and colocalizes with cad-
herin and F-actin (Maidji et al., 1998). In this study, we
focused on the role of BHV-1 gG and gE in cell-to-cell
junctional adhesion during BHV-1 infection and exam-
ined the cell-to-cell contact among MDBK cells infected
with BHV-1 recombinants lacking gE or gG.
RESULTS
Subcellular distribution of BHV-1 gG in infected
MDBK cells
Since BHV-1 gG and gE are involved in viral cell-to-cell
spread, it is speculated that these glycoproteins localize
and function at the cell-to-cell junctions of epithelial
cells. We first performed immunofluorescence to exam-
ine the subcellular localization of BHV-1 gE and gG by
using antibodies specific for BHV-1 gE (Yoshitake et al.,
1997) and gG (Nakamichi et al., 2001). Semiconfluent
monolayers of MDBK cells were infected with wild-type
BHV-1 (LA strain) at a multiplicity of infection (m.o.i.) of 10
(10 PFU/cell) and incubated for 12 h under culture me-
dium. At 12 h postinfection (p.i.), when distinctive cyto-
pathic effect (CPE) was observed, the infected cells were
subjected to immunofluorescence and examined by us-
ing a laser scanning confocal microscope. BHV-1 gD
was also stained as a control experiment. As shown in
Fig. 1A, gD was predominantly found at the plasma
membrane in BHV-1-infected MDBK cells. BHV-1 gE was
also found at the plasma membrane, but the staining
pattern of gE was distinguishable from that of gD (Fig.
1B). BHV-1 gE was observed at the junctions of the
infected cells (Fig. 1B, arrow) but not was present at the
lateral surfaces not in contact with other cells (Fig. 1B,
arrowhead). In contrast to gD and gE, BHV-1 gG was
found in the perinuclear region and was also observed at
boundaries of the infected cells (Fig. 1C, arrow). To
further examine the distribution of gE and gG, confocal
sections were taken through the z axis of the infected
cells in Figs. 1A to 1C, and the plane-perpendicular
images of cells were reconstituted (Figs. 2A to 2C). In
these images, the lateral surfaces of cells appear verti-
cally, and the apical surfaces appear horizontally along
the top of the image. As shown in Fig. 2A, gD was found
predominantly at the apical plasma membranes and cell
junctions of BHV-1-infected cells. In contrast to gD, gE
was accumulated along the lateral borders between the
cells (Fig. 2B, arrowheads), and little or no gE was found
on the apical or basal surfaces. This staining pattern of
gE was similar to that of -catenin, a cytoplasmic protein,
which is localized and functions at cell-to-cell junctions
(Fig. 2D). BHV-1 gG was predominantly found at the
perinuclear region (Fig. 2C, arrow) and was also seen at
the boundaries between the cells (Fig. 2C, arrowheads).
Cell-to-cell adherence among MDBK cells infected
with BHV-1
We next compared the cell-to-cell adhesion among
MDBK cells infected with mutant BHV-1 strains lacking
gE or gG. BHV-1/TF9-3 and BHV-1/TF9-5 were BHV-1
FIG. 1. Subcellular distribution of BHV-1 glycoproteins in infected
cells. Semiconfluent monolayers of MDBK cells were infected with
wild-type BHV-1 (LA), and the cells were fixed, permeabilized, and
reacted with antibodies specific for BHV-1 gD (A), gE (B), and gG (C). At
12 h p.i., the cells were stained with FITC-conjugated secondary anti-
bodies and examined by using a laser scanning confocal microscope.
All images were confocal sections taken through the center of the cells.
Arrowheads point to the borders of cells not in contact with other cells,
while arrows indicate cell junctions.
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recombinants, in which gE and gG loci, respectively,
were inactivated by the insertion of the thymidine kinase
(tk) gene of pseudorabies virus (PrV) (Otsuka and Xuan,
1996). The BHV-1/TF2-1 strain, which carries the PrV tk
gene at the BHV-1 tk locus, was used as a control strain
(Otsuka and Xuan, 1996). Semiconfluent monolayers of
MDBK cells were infected with BHV-1 mutants at an
m.o.i. of 10, incubated for 12 h, and observed by using a
differential interference contrast (DIC) microscope (Fig.
3). Mock-infected MDBK cells were firmly attached to the
substratum and appeared to be stretched and flat (Fig.
3A). When MDBK cells were infected with the control
BHV-1/TF2-1 strain, the infected cells appeared to have
lost the stable attachment to the substratum and ad-
hered to each other without appreciable sign of cell
fusion (Fig. 3B). The CPE pattern of MDBK cells infected
with gE-negative BHV-1 was similar to that of cells in-
fected with the control strain (Fig. 3C). In contrast, MDBK
cells infected with gG-negative BHV-1 exhibited distinc-
tive CPE patterns compared to those of cells infected
with control and gE–negative viruses (Fig. 3D). The in-
fected MDBK cells appeared to be rounded, and cell-to-
cell adherence among the infected cells was loosened.
Some cells were separated from other cells, and even
when cells contacted each other, no stable cell-to-cell
adherence was seen. Previously, we constructed a gG-
repaired mutant of the BHV-1/TF9-5 strain, designated
BHV-1/TF9-5R (Nakamichi et al., 2000). The cell-to-cell
adherence among MDBK cells infected with BHV-1/
TF9-5R was similar to that of cells infected with gG-
positive BHV-1 (Fig. 3E).
When MDBK cells were infected with gG-negative
BHV-1, the localization of gE was changed. As shown in
Fig. 4B, the accumulation of gE at the cell junction was
no longer observed, and gE was distributed in the cyto-
plasm. The z-axial image of gE in gG-negative BHV-1-
infected cells did not show the accumulation of gE along
the lateral border between the cells that was seen in
gG-positive BHV-1-infected cells (data not shown). On
the other hand, BHV-1 gD was observed at the plasma
membrane, apparently not affected by the absence of gG
(Fig. 4A, arrow). Thus, these data indicate that the knock-
out of BHV-1 gG induces the dissociation of cellular
junctions among the BHV-1-infected MDBK cells and that
this affects the subcellular localization of BHV-1 gE but
not gD.
Analyses of cytoskeletal components in MDBK cells
infected with BHV-1
To further assess the dissociation of the cell-to-cell
junction during gG-negative BHV-1 infection, we ana-
lyzed the structures of F-actin (Figs. 5A to 5C), interme-
diate filaments (Figs. 5D to 5F), and microtubules (Figs.
5G to 5I). F-actin was stained with FITC-coupled phalloi-
din, and intermediate filaments and microtubules were
stained by immunofluorescence using anti-cytokeratin
and anti--tubulin antibodies, respectively. When MDBK
cells were infected with the control BHV-1/TF2-1 strain,
the stress fibers, which consist of F-actin, were seen in
the mock-infected cells to have disappeared totally (Figs.
5A and 5B), and the F-actin was distributed unevenly with
heavy spots at the boundaries between the infected
cells. In MDBK cells infected with gG-negative BHV-1,
F-actin was distributed in a ring-like pattern, and the
distinctive accumulation of F-actin was not observed
(Fig. 5C). However, the subcellular distributions of cyto-
keratin and -tubulin in MDBK cells infected with gG-
negative BHV-1 were indistinguishable from those in
cells infected with the control strain (Figs. 5F and 5I).
To estimate the change in the amount of actin mole-
cules in MDBK cells during BHV-1 infection, Western
blotting was performed using MDBK cell lysates mock
infected or infected with the BHV-1 recombinants. Similar
to that of cytokeratin, the amount of actin was not af-
FIG. 2. Perpendicular distribution of BHV-1 glycoproteins in infected
cells. MDBK cells were infected with BHV-1 and stained for BHV-1 gD
(A), gE (B), and gG (C) as described in the legend for Fig. 1. Confocal
sections were collected through the z axis of the infected cells in Figs.
1A to 1C, and the perpendicular images were reconstituted. (D) The
z-axial localization of -catenin. The apical and basal surfaces of the
cells are at the top and bottom of the image, respectively. Lateral
surfaces appear vertically, and arrowheads indicate cell junctions.
Arrow in C indicates perinuclear region of the infected MDBK cells.
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fected by infection with BHV-1 strains (Fig. 6), and this
result agrees with a previous report (Hinkley et al., 2000).
These data suggest that BHV-1 infection induces the
alteration and accumulation of the polymerization struc-
ture of F-actin without affecting the protein level of actin
molecules and that the knockout of BHV-1 gG leads to
the disruption of F-actin formation at cell junctions
among the infected MDBK cells.
Localization of AJ components during BHV-1 infection
From our data obtained above, it is speculated that the
subcellular localization of AJ complexes, which are con-
nected to F-actin, in MDBK cells is affected by the infec-
tion with gG-positive or gG-negative BHV-1. To confirm
this hypothesis, immunofluorescence was performed to
examine the subcellular localizations of AJ molecules,
cadherin and -catenin, during BHV-1 infection. In mock-
infected MDBK cells, cadherin and -catenin were found
along the boundaries between the cells and in the cyto-
plasm (Figs. 7A and 7E). When MDBK cells were infected
at a high m.o.i. with gG-positive BHV-1 (control or gE-
negative BHV-1), strong signals of cadherin (Figs. 7B and
7C) and -catenin (Figs. 7F and 7G) were found along the
boundaries between cells, and little signal of these pro-
teins was observed in the cytoplasm. This observation
indicates that the accumulation of AJ complexes at cell
junctions was promoted during BHV-1 infection. In con-
trast, when MDBK cells were infected with gG-negative
BHV-1, cadherin and -catenin appeared to be dispersed
in the cytoplasmic region instead of accumulating at the
FIG. 3. Morphology of MDBK cells infected with BHV-1 recombinants. MDBK cells were mock infected (A) or infected with control BHV-1/TF2-1 (B),
gE-negative BHV-1/TF9-3 (C), gG-negative BHV-1/TF9-5 (D), and gG-repaired BHV-1/TF9-5R (E). At 12 h p.i., the cells were observed using a DIC
microscope and photographed. Original magnification, 400.
FIG. 4. Localization of BHV-1 glycoproteins in MDBK cells during infection with gG-negative BHV-1. Semiconfluent monolayers of MDBK cells were
infected with BHV-1/TF9-5 (gG-negative BHV-1 strain), and the cells were fixed, permeabilized, and reacted with antibodies specific for BHV-1 gD (A),
gE (B), and gG (C) at 12 h p.i. The cells were stained with FITC-conjugated secondary antibodies and examined by using a laser scanning confocal
microscope. The arrow in A points to the plasma membrane of the infected MDBK cells.
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cell junctions (Figs. 7D and 7H). As was seen for F-actin,
the protein levels of cadherin and -catenin were not
affected by BHV-1 infection (Fig. 8).
When MDBK cell monolayers were infected with gG-
positive BHV-1 at a low m.o.i., the accumulation of cad-
herin was more clearly seen. As shown in Fig. 9A, the
cadherin molecules were apparently accumulated in the
plaques formed by the control BHV-1 strain. The plaques
formed by gE-negative BHV-1 were significantly smaller
than those formed by gE-positive BHV-1, but cadherin
molecules were accumulated in these small plaques
(Fig. 9B). In contrast, significant accumulation of cad-
herins was not observed around the plaques formed by
gG-negative BHV-1 (Fig. 9C). These observations indi-
cate that the accumulation of AJ molecules occurs in
MDBK cells during the cell-to-cell spread of BHV-1, and
BHV-1 gG is involved in this process.
DISCUSSION
When MDBK cells were infected with gG-positive
BHV-1 strains, adherence between the cells and the
substratum became loose. This might be explained by
the disruption of stress fibers that consist of F-actin and
play a fundamental role in cell–substratum adhesion
termed focal contact (reviewed by Jockusch et al., 1995).
FIG. 5. Cytoskeletal structure of MDBK cells infected with BHV-1 recombinants. MDBK cells were mock infected (A, D, and G) or infected with BHV-1
recombinants, control BHV-1/TF2-1 (B, E, and H) and gG-negative BHV-1/TF9-5 (C, F, and I). At 12 h p.i., F-actin (A to C), cytokeratin (D to F), and
-tubulin (G to I) were stained and examined by using a confocal microscope.
FIG. 6. Western blot analysis of actin and cytokeratin molecules of
MDBK cells infected with BHV-1 recombinants. MDBK cells were mock
infected or infected with BHV-1 recombinants, BHV-1/TF2-1 (gG-posi-
tive strain) and BHV-1/TF9-5 (gG-negative strain). Immediately thereaf-
ter (0 h p.i.) or at 12 h p.i., cells were subjected to Western blotting for
actin or cytokeratin. Molecular mass standards (kDa) are shown on the
right.
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However, F-actin and AJ molecules, which are indirectly
connected to F-actin, were highly accumulated at the cell
junction in the infected MDBK cells, and cell-to-cell ad-
herence among the infected cells was maintained. In our
preliminary experiment, the disruption of the F-actin
structure by using cytochalasin D led to the dissociation
of cellular junctions among the BHV-1-infected MDBK
cells (data not shown). Thus, it is likely that the F-actin
structure plays an important role in the cell-to-cell adhe-
sion of the BHV-1-infected MDBK cells. In contrast to the
alteration of the filamentous structure of F-actin, the
distribution pattern of cytokeratin, a major component of
intermediate filament, was not affected by the BHV-1
infection. In epithelial cells, it is known that desmosomes
are connected to intermediate filaments and contribute
to the cell-to-cell adhesion (Schwarz et al., 1990). At this
time, we do not know whether the BHV-1 infection affects
the subcellular localization patterns of desmosomal
components.
When MDBK cells were infected with gG-negative
BHV-1, cell junctions appeared to be dissociated, and the
highly accumulated F-actin and AJ molecules at the cell
membranes were not seen. These observations suggest
that BHV-1 infection without the presence of gG dis-
rupted the cell-to-cell junctional adhesion among the
infected MDBK cells and that gG has a glue-like function
to maintain the cell-to-cell junctional adhesion. Indeed,
BHV-1 gG was located at cell junctions, although a sig-
nificant amount of BHV-1 gG was also present in the
cytoplasm. For other alphaherpesviruses such as HSV-1
and PrV, homologous gG has been shown to be nones-
sential for virus replication in cultured cells (Balan et al.,
1994; Mettenleiter, 1994b). Although it was reported that
HSV-1 gG is required for efficient infection through the
apical membranes of polarized cells (Tran et al., 2000),
the precise role of alphaherpesvirus gG in viral replica-
tive cycles is not well understood. As far as we know, this
is the first demonstration of an alphaherpesvirus gG that
is involved in cell-to-cell adherence among the infected
cells.
Recently, we have shown that BHV-1 gG has a stabi-
lizing effect on the cell structure and viability of rabbit
kidney (RK13) cells infected with BHV-1 (Nakamichi et al.,
2001). When RK13 cells were infected with gG-negative
BHV-1, the infected cells exhibited a CPE pattern that
was not seen for gG-positive BHV-1 infection. We also
observed the induction of apoptosis in RK13 cells during
FIG. 7. Localization patterns of AJ molecules in MDBK cells following BHV-1 infection. MDBK cells were mock infected (A and E) or infected with
BHV-1 recombinants, control BHV-1/TF2-1 (B and F), gE-negative BHV-1/TF9-3 (C and G), and gG-negative BHV-1/TF9-5 (D and H). At 12 h p.i.,
immunofluorescence was performed for cadherin (top) or -catenin (bottom), and the cells were observed using a confocal microscope.
FIG. 8. Western blot analysis of the AJ components in MDBK cells
infected with BHV-1. MDBK cells were mock infected or infected with
gG-positive BHV-1/TF2-1 and gG-negative BHV-1/TF9-5. At 12 h p.i.,
cells were subjected to Western blotting for cadherin (A) and -catenin
(B). Numbers at left indicate the molecular mass standards (kDa).
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the infection with gG-negative BHV-1, and this led to the
reduction of viral growth of gG-negative BHV-1 in RK13
cells. In MDBK cells, the lack of gG did not accelerate the
apoptotic process (Nakamichi et al., 2001), indicating that
the alteration of the CPE pattern of the gG-negative
BHV-1-infected cells occurs independent of the apoptotic
process.
In MDBK cells infected with wild-type BHV-1, BHV-1 gE
was predominantly found at the lateral boundaries of the
cell junctions, and this localization pattern of BHV-1 gE
seems to be similar to that of HSV-1 gE previously re-
ported (Dingwell and Johnson, 1998). From results ob-
tained here, it would appear that gG must be present for
gE to localize at the lateral boundaries of the cell junc-
tions, because infection with gG-negative BHV-1 causes
gE to disperse in the cytoplasm. Of note, despite the fact
that gE was colocalized with AJ molecules at cell junc-
tions, the knockout of BHV-1 gE itself did not affect
cell-to-cell adherence among the infected MDBK cells. It
is speculated that the accumulation of gE (or the gE/gI
complex) at the lateral boundaries may be essential for
virions to be transmitted through the direct cell-to-cell
spread, and the knockout of gG causes the lack of gE
accumulation, resulting in failure of the direct cell-to-cell
spread of virion. Recently, Mo et al. have demonstrated
that the expression of VZV gE in epithelial Madin–Darby
canine kidney cells affects the F-actin organization and
accelerates the establishment of maximum transepithe-
lial electrical resistance (Mo et al., 2000). They con-
cluded that VZV gE facilitates virus cell-to-cell spread by
inducing cell-to-cell contact. So far, the homologous gE
proteins that mediate cell-to-cell contact have not been
identified for other alphaherpesviruses, and it is of inter-
est that VZV lacks a homologous gG gene (Grose, 1990).
In the case of BHV-1, it is likely that the cell-to-cell
adherence among the infected cells is maintained by gG
but not by gE or the gE/gI complex.
Unlike other glycoproteins encoded by alphaherpesvi-
ruses, homologous gG proteins have distinctive charac-
teristics in that they are secreted into the culture medium
of the infected cells. Except for HSV-1 gG, secreted forms
of gG have been identified in the majority of alphaher-
pesviruses (Rea et al., 1985; McGeoch et al., 1987; Crabb
et al., 1992; Kongsuwan et al., 1993; Engelhardt and Keil,
1996; Keil et al., 1996). The function of secreted forms of
gG and the biological meaning of its secretion are un-
known. In our preliminary experiments, the secreted
forms of BHV-1 gG isolated from the culture media did
not prevent the dissociation of cellular junctions among
MDBK cells infected with gG-negative BHV-1 (data not
shown). Thus, it may be that only the cellular form of
BHV-1 gG is associated with the cell-to-cell adhesion
among the infected MDBK cells.
MATERIALS AND METHODS
Cells and viruses
MDBK cells were cultivated in Dulbecco’s modified
Eagle’s medium (Nissui, Japan) containing 10% FCS and
100 g/ml kanamycin. The BHV-1 recombinants used in
this study were described in our previous reports (Ot-
suka and Xuan, 1996; Yoshitake et al., 1997; Nakamichi et
al., 2000).
Antibodies
Monoclonal antibody (MAb) 197/1, specific for BHV-1
gD (Okazaki et al., 1986) was a gift from Katsunori Oka-
zaki (Hokkaido University, Hokkaido, Japan) and was
used at a dilution of 1:200 for immunofluorescence.
Mouse polyclonal antisera against BHV-1 gE (Yoshitake
et al., 1997) and BHV-1 gG (Nakamichi et al., 2001) were
used at a dilution of 1:100 for immunofluorescence. An-
tibodies against pancytokeratin, actin, -tubulin, pancad-
herin, and -catenin were all purchased from Sigma and
used for immunofluorescence or Western blotting ac-
cording to the manufacturer’s recommendation.
FIG. 9. Accumulation of cadherin molecules around the viral plaques formed by BHV-1 recombinants. Confluent monolayers of MDBK cells in
24-well dishes were infected with approximately 20 PFU of control BHV-1/TF2-1 (A), gE-negative BHV-1/TF9-3 (B), or gG-negative BHV-1/TF9-5 (C). The
infected cells were incubated for 24 h under semisolid culture medium containing 0.5% methylcellulose, stained with anti-cadherin antibodies, and
observed by using a confocal microscope. All images are confocal sections taken through the center of the plaques.
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BHV-1 infection
MDBK cells were plated at a density of 1  105
cells/well in 24-well culture dishes containing glass cov-
erslips. Cells were grown overnight in culture medium,
and then semiconfluent monolayers of cells were mock
infected or infected with BHV-1 at an m.o.i. of 10 (10
PFU/cell) for 1 h at 37°C. The cells were washed with
phosphate-buffered saline (PBS) and overlaid with cul-
ture medium. At 12 h p.i., cells were subjected to immu-
nofluorescence or fluorescent labeling of MDBK cells.
Staining by using fluorescent probes
MDBK cells mock infected or infected with BHV-1 were
fixed with 4% paraformaldehyde in PBS for 10 min and
permeabilized with 0.2% Triton X-100 in PBS for 5 min at
room temperature. Samples were washed with PBS
twice and incubated with blocking solution (PBS contain-
ing 5% FCS) for 30 min. The cells were reacted with
appropriate antibodies for 1 h and then stained with
FITC-coupled secondary antibodies for 1 h. For staining
of filamentous actin, the cells were fixed and stained with
FITC-coupled phalloidin as described previously (Ro-
drigues and Heard, 1999). Coverslips were mounted on
microscope slides by using 1,4-diazabicyclo-2,2,2-octane
(DABCO) solution (90% glycerol, 2.3% DABCO, 20 mM
Tris–HCl) and then visualized by using a laser scanning
confocal microscope (LSM510; Zeiss).
Western blotting
Western blot analysis was performed according to the
procedure described in our previous paper (Nakamichi
et al., 2001). MDBK cells in six-well dishes were infected
with BHV-1 recombinants at an m.o.i. of 10, washed, and
overlaid with culture medium. After a 12-h incubation at
37°C, cells were lysed and separated under reducing
conditions in 10% polyacrylamide gels. Proteins were
transferred to polyvinylidene difluoride membranes (Mil-
lipore), reacted with appropriate antibodies, and stained
with horseradish peroxidase-coupled secondary anti-
bodies.
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